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Probability Distribution of Laser Short-Range Dynamic Ranging Based on
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Abstract A laser short-range dynamic scan detection method is proposed based on the optical-multiplexing
mechanism. Based on the heavy-tail function, a mathematical model of pulsed laser emission waveforms is
established, and the shock responses and the echo equation in the pulsed laser short-range dynamic detection are
deduced. A statistical probability distribution model of the pulsed laser ranging is established, and the influence
mechanisms of the pulsed laser emission power, pulse width, threshold detection voltage, equivalent root-mean-
square (RMS) noise voltage, and the laser exit angle on the probability distribution of the ranging are studied. The
results show that, the ranging precision increases and the distribution curve gradually deviates from its true value
with the increase of the laser emission power. The ranging precision decreases progressively as the laser emission
pulse width increases. As the threshold voltage increases, the distribution curve shifts to the right. As for the
distance measurement distribution curve, its width increases and its amplitude decreases with the increase of the
equivalent RMS noise voltage. The ranging distribution curve shifts to the right and the ranging precision decreases
as the laser exit angle increases.

Key words laser optics; pulsed laser; short-range detection; dynamic ranging; optical multiplexing; probability
density distribution

OCIS codes 140.3538; 140.3460; 120.3620

1 2 = ﬁﬁfc%%ﬁ%/}i‘,%%tﬂ%ﬁﬁ“@%%”ﬁfﬁﬂi/}’i
BB BT AR RT . 53 8h, 4 o B AR 5 3 AL

BOLIr I ERF BT ERE o DU BEORS R RO EM RAERBHEABREFEFHARLZ
FEZ R AE S ME AR B T BT SR LB P R ORI K 5 E 7R A R 2 I B K Al

Wfm HE: 2018-04-17; 1E[EI HHA: 2018-05-21; KA BHI. 2018-07-05
HEEWMB.: HEARPAEL (51605227) (s @ A2 Fe ARk 45 2% % 0 %8 4 (NUST30915011303)
* E-mail: kg568605@163.com; ** E-mail: hezhangz(@ mail.njust.edu.cn

1104006-1



i ot

b R A i Sl S R Y E

B IO 4 10 Bl A B0 [R) R, SCRRL 4, 11 42
KM Z 8 H 5k S8 %07 i oe s B 1R
LIRS B R 2 R FE L RE PEART . X
BRT13-14 2R F XU 1a] it ALK Sl 3800'G () 20 459 41, DA TG 52
B 8 1o R 32 07 1 A XL AL AR RROR, S
[l A Jmy 52 2% o eSO TR) 25 4148 2 00 AL o Bl L=, 5C
BRL 15 JHE A ST 1 SOLI A M 40 3 25 I = % H
B 2R3 14 52 i, (HL A 9 R B 0 RS [ AL
SCHRL L T2 7 37 ek BHE 1 30 Ik b o 1z A4 [m] 95z
D7 R R G T I 0 kAR A % R 0 A R B4 5 i A
2R EE 220 T i 3T ek ORI K b O K B T I i
[

AR S X PO AT R 2 16 Bl 25 R0 ) A T

> emission path

e

----- > echo path

threshold
discrimination
circuit

pulse trigger circuit

WO A ) 7 I 7 R B A ST A DO R —
ol ' % 2 HIL B A O I AR 3 A e RN 7
o BT R R B S T Kot O R O B
T HESE T ko O I e Bl 25 BRI b ol e A (] 95
TR ST T DK RO I BE AR AR G T o A B, BT
Tk O S S S AR O K S K SE L B RS I
JE A5 RS O AR MR P R TR L RO H S A kg 0 B A
RPN B R LB

2 FETOCRE PR HOLIE 32
PRI 7 1%

ST O6 i S HILBE Y SO I AR 20 25 47 4 R i
PR 1 Fros . R g = EOG I BRI R 58 5
SHMAGRL SO RGEM A,

reflective
mirror

o
~—~.

hollow
mirror

drive circuit .

SPLPL90-3

BT R T i A T AL B Y O 3 7 Bl 2 R i B

Fig. 1 Principle of laser short-range dynamic detection based on optical multiplexing mechanism
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Fig. 2 Laser emission waveforms with different pulse
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Table 1 Parameters for theoretical simulation and experiment
Parameter Value Parameter Value
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Fig. 4 Shock responses of pulsed laser under different conditions. (a) Different divergence angles of

pulsed laser; (b) different laser exit angles
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Fig. 5 Echo waveforms under different

laser emission powers

10
—10W
—12W
Z 8t —14W
'_g —16W
2 6l —18W
S
=3
b:O 4' //\
g2 2r
J\ A e

0 ) 1 I 1
13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0 15.2
Target distance /m

6 N [RIOG % 5 5 A B 300 B A 4 A
Fig. 6 Ranging probability distributions under
different laser emission powers
AN RO 2 S Ik 9T B 80O [ 5 35k T R ) B ARE 48 43
i3 a1 7.8 Fion . B & S K g 0 3 s [l 9%
ik 5t 2 A S G, LI R A R 43 A K 2 B 22
T, e Bifi 2 BTG L D BB 43 A AR A5 i & 4 i, BRI R
KB Bt 25 0O R S IOk 9 1 3G i R AR
4.4 BIEK N B E X0 EE R 5 % M R0
SR FH 1 G T 2 AR B A B B 1 R 45 T R IF
0 (P R X D BRSBTS R
14 W, B E KD N 100 mV B 500 mV,

1104006-4



2l 5] % b/
5r 8 loomv
e m
—oms _ 200 mV
— % Z 6l —300mv
> ns 5 400 mV
= — 12 ns )
= — 1ans g — 500 mV N
=] = |
g g8 4 \
= o0
2 = \
5 0
gz- [

0 ll() 2‘0 30 4I0 5b GIO
t/ns
&7 ARG S Ik 58T B4 195 I B
Fig. 7 Echo waveforms under different

laser emission pulse widths

16,

%14' —6ns

Z12f —8ns

',g — 10 ns

2 10} — 12ns .

2 gl —l4ns I

§ 6k 1

5 4} [

a1 I
2t A
0 AR

2.8 132 136 14.0 144 148 152
Target distance /m

P8 AN [ 't & 9 Dk 9 T (% 00 B2 ABE 3 03 A
Fig. 8 Ranging probability distributions under

—

different laser emission pulse widths

£ 100 mV, HASH G 4.2 WHIE ., N [E B
DU T A 00 BERE SR o A & 9 B . 4 B E L TR
FE 100 m'V B 0 B 43 A3 i 2 2 G208 19 b T U R BE
U R R 4 AT 5 B (L0 4t s L 0 A il 4R 2 RS
G3 A%, DK 98 2 W /0N s 7R R B R 38 B 300 mV
i 000 B A g 2 Tk B B /1N e P AR B e v . BE
L 1A A 2 38 0, 43 A1 1 2 A B3 AU Kk 9 s/ 4 1
fEHLE R 500 m'V B, W08 43 A il 26 52 BE WS 19 - 7
T RTGR N 1) B T A o 0 BEEAS JE Bi Z BR IS . B
(58] L FL 1 P s 3000 R A A i 4 1) A A% B .
45 ERHFRBEFBEEXSNEHESFTHEIME

9 I8 40T 28 B A5 K088 5 AR M 7 L R 3 R i)
FEEGIAS B . M R DRI E N 14 W, 7
HRME A HL R 10 mV 38 #] 50 mV, K 10 mV,
HRZHGE 4.2 AR, AR 558034 7 iR
JE T B0 BE AR R 40 A an 1R 10 BFoR . Bl S R0
R I R S ) O K e SO TR R Y B T
3 A IR 1 Tk T 3G e (A 8/, R 2 8% 8
I B I R R 2 B S AR T AR M TS R 1 3
Jn i A

J

0 1 L L 1 1
128 132 13.6 14.0 144 148 152
Target distance /m

&9 ASTR] i T B 0 R ARE 23 43 AR
Fig. 9 Ranging probability distributions under

different threshold voltages

14,
—10mV
o 12t 20 mV
= —30mV
E 10 —40mV
3 —50mV
S 8
-
(=}
o0 6
g
£ 4
Mo
0

13.2 13.6 14.0 144 14.8
Target distance /m

10 ASTR] MR RS H F T i 00 B ARE 3 4y A
Fig. 10 Ranging probability distributions under

different noise voltages

4.6 FL H 5 X RE 4 K 43 B9 R T
PO S A L 2 5 W K e s RS AT 2 T
OGRS . 75 28O H 5 A B X 0 BERS 9
S K S D) R B 14 WL O AR 10°
BEAE] 50°, K 10°, R ZHUE 5 4.2 WM. A
[R) IO H 565 i B2 T A 00 BE A R 2 A A P 11 o
)L L B SO R AR RE R I B3 A il 202
16 7 %% 51y [a] B 20 A1 i1 £ 54 Tk 5 185 e L R B
0 R JRE Bt S A R 1 R T AT
8r

(=7}
i
w
(=]
o

Ranging probability
>

13.2 13.6 14.0 144 14.8
Target distance /m

TR O BT B 0
Fig. 11 Ranging probability distributions under

different laser exit angles

1104006-5



h | W bl
= 41: A [6] Shin Y S. Ship shock modeling and simulation for
- = far-field underwater explosion[J]. Computers &
FHBLEREMSSRUAM, BT R oo 0 SO
Je i 5 7 15 VLSBT 3 45 ORI . A Configuration design of a lightweight torpedo
PO ARG L S 5 kb OB R 2h 25 subjected to an  underwater  explosion[J].
TR W e o e 7 K% [ 38y R ST T DK e SO N B AR International Journal of Impact Engineering, 2009,
%Qjﬁﬁéﬁﬁﬁﬂﬁﬁ?ﬁ??ﬂﬂﬂﬁm%ﬁfﬁm%ﬂﬁmﬁ, 36(2): 343-351.
BE PR 4, [8] Kim ] H, Shin H C. Application of the ALE
1) B2 o S 2 g b B S R 2 4 A tei)hniq?e for l,undfe,r:ater explosionk[jrjlalysis()of a
- N submarine iquefie oxygentan . cean
Z08/) \Ej%%;ﬁhéj%lzﬁﬂﬁ%EQE Engineering, 2008, 35(8/9): 812-822.
2) T PRS2 B A TG S IOk S A 38 o e A [9] Ten X, Mi S S. Status quo analysis and development
3) BEE B (E 3G, oA g e B B E A A, of directional warhead[J]. Aerodynamic Missile
LR 8 7« 2 (0 2 0 40 0 24 Journal, 20144): 59.94.
LA K TE A « 4 {56 T g 500 mV i S B, R 5 6 S 9 B 75 2 ),
ST SRR 9 LTS MRS TR SRR I s
s R R ~ ian D, ang Q. Development of anti-torpedo
B S L2 WIS ELO> Al 20 A WS ) torpedo in Europe [J]. Torpedo Technology, 2006,
1) B B 55 AR o 9 8 4Gy 1
Jis B IS B, 9@ IR % £ % T B RS a4
5) Bl 25 PO H I AR R O 1 L DB 3 A il £ ) A, 2006, 14(5): 1-5.
F R B, R4 A i 2R 0 bk S 18 . e (8 R A L I e [11] Xu X B, Zhang H. Pulsed laser detection azimuth
5 i B = B AT magneto-electric  detection technology[J]. Acta
Photonica Sinica, 2017, 46(1): 0114003.
5 £ X WM, A KOG R I J7 A7 f fE R T
ARUT. SeF2¥HM, 2017, 46(1): 0114003.

(1] XuXB, Zhang H, Zhang X J, et al. Effect of plane [12] Cui G P. Foreign anti-torpedo torpedo development
target characteristics on ranging distribution for pulse and trend analysis[J]. Ship Science and Technology,
laser detection [J]. Acta Physica Sinica, 2016, 2013, 35(3): 138-141.

65(21): 210601. SV R Ah AR R SR R K E T
M, ,IRAEA, AR DR R EOLHEN W E bR BlagHi AR, 2013, 35(3): 138-141.

ik Xf {W EE g 9w [J]. Wy B F i, 2016, [13] Xu X B, Zhang H. Optimal pulsed frequency and
65(21): 210601. scanning speed of laser circumferential detection

[2] Guo J, Zhang H, Wang X F. Beam spread system[]J]. Chinese Journal of Lasers, 2016, 43(5):
characteristics of laser fuze in the rain[J]. Chinese 0508002
Journal of Lasers, 2012, 39(1): 0113001, Bl WA WOCTE B FEI R 5 I B %
WA, WA, EBEE. BOGTHETERET R R A (1] EHEOL, 2016, 43(5): 0508002.
RePELT]. " EEOE, 2012, 39(1): 0113001. [14] Tan Y Y, Zhang H, Zha B T. Modeling and

[3] Gan L, Zhang H. Evaluation of a novel integrated simulation of underwater single-beam scanning laser
laser fuze receiving system[J]. Advances in fuze acquisition rate[J]. High Power Laser and
Mechanical Engineering, 2017, 9(6): 1-8 Particle Beams, 2015, 27(11): 111012.

[4] Tan Y, Zhang H, Zha B. Underwater single beam Wiz, fka, k. Ko pe R B REOE 5
circumferentially scanning detection system using R RS E[]]. MmOt S kT3, 2015,
range-gated receiver and adaptive filter[J]. Journal of 27(11): 111012.

Modern Optics, 2017, 64(16): 1648-1656. [15] Chen S S, Zhang H, Xu X B. Modeling and

[5] Chen]J J. Emerging hard kill capabilities in torpedo

defence systems[]J]. Technical Acoustics, 2013(5):
439-444.
WAl 4. 0 B AR &R 48 b R W7 R B R 15 BE h

[J]. 4R, 2013(5): 439-444.

1104006-6

simulation of acquisition for ground target by pulsed
laser circular-viewing detection[J]. Infrared and
Laser Engineering, 2018, 47(2): 0206001.

MRIZAZ, Tk G, IRFEM . Bkoh o' R b i B bR

WSS R ], 44 5808 TR, 2018,



h 5| 74 ot
47(2): 0206001. TR, kA, REEE, 5. BOGIEKETIE SO AU b
[16] Gan L, Zhang H, Zhang X J. Research on large FOV JE B AR [J]. 045306 TR, 2013, 42(1):
single transceiver bidirectional-driving detection 84-89.
technology for laser fuze [J]. Acta Armamentarii, [18] Gronwall C A, Steinvall O K, Gustafsson F, et al.
2013, 34(8): 942-947. Influence of laser radar sensor parameters on range-
HFE, kE, kE4 . BOeTE X 3K 3h B & Bl ok measurement and shape-fitting uncertainties[]J].
MBI AR [J]. = T %4, 2013, 34(8): Optical Engineering, 2007, 46(10): 106201.
942-947. [19] Jiang H, Lai J, Wei Y, et al. Theoretical
[17] Gan L, Zhang H, Zhang X J, et al. Single-beam distribution of range data obtained by laser radar and

pulse circumferential detection technology of laser
proximity fuze[J]. Infrared and Laser Engineering,

2013, 42(1): 84-89.

1104006-7

its applications[J]. Optics & Laser Technology,

2013, 45(1): 278-284.



